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© Adhesive compositions. 

© Pressure-sensitive adhesives which are mixed immedi- 
ately prior to application, or need drying equipment tend to 
be expensive in use while those applied as hot melts tend to 
have poor heat resistance. According to the invention an 
adhesive composition curable by atmospheric moisture is 
provided, the composition comprising a prepolymer compo- 
nent with isocyanate functionality between 2.0 and 3.0 
together with one or more polyetherurethane prepolymers 
having NCO groups available for reaction with water for 
chain extension, the cured adhesive composition having a 
glass transistion temperature below 20°C. 
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ADHESIVE COMPOSITIONS 

The present invention is concerned with adhesive 
compositions. 

5 Adhesive compositions having prolonged tackiness 

and bonding properties i.e. so called pressure-sensitive 
adhesives, are used for a variety of purposes. By the 
expression "pressure-sensitive adhesive" where used herein 
is meant an adhesive composition which can be applied to a 

10 substrate to provide a layer which has tacky 

characteristics which are preserved over a wide range of 
temperatures i.e. at least -20°C to 50°C for a period of 
time in excess of 3 months, and which layer is capable of 
forming a bond to a surface by the application of light 

15 pressure alone. Known uses for pressure-sensitive 

adhesives include provision of permanently tacky coatings 
on tapes for various uses, coatings for labels, decorative 
elements, wall coverings and sheet materials of various 
types. 

20 Pressure-sensitive adhesive compositions are 

formulated to provide compositions having a certain minimum 
balance of physical and chemical properties so as to be 
able to withstand the stresses and environment that the 
product will encounter and be expected to survive in use. 

25 The physical properties known in the art as tack, peel 
adhesion, and shear adhesion (otherwise referred to as 
holding power) are important in determining the suitability 
of any given pressure-sensitive adhesive composition to 
provide the necessary application properties and in-service 

30 durability required of the pressure-sensitive adhesive 
product. 

The first property, tack, is in effect the 
instantaneous adhesion of the adhesive layer to a surface 
of an object that is developed immediately after contacting 
35 the surface with the layer. One accepted method of 
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measuring tack, endorsed by the Pressure Sensitive Tape 
Council (USA), is test method PSTC-6 evolved and published 
as a standard test by the Council. It involves rolling a 
stainless steel ball down an inclined plane onto the 

5 surface of a pressure-sensitive adhesive layer deposited on 
a horizontal plane, and measuring the distance the ball 
rolls across the adhesive. In this test, tack is expressed 
in distance of ball travel. Thus high tack adhesive stops 
the ball within 0.5 to 3 inches (about 1.27 to 7.6 cm), 

10 whereas low tack adhesives allow the ball to roll more than 
12 inches (about 30.3 cm). 

The second property, peel adhesion, is the 
adhesion of the pressure-sensitive adhesive product after 
the adhesive layer has been in contact with an adherent 

15 surface for a sufficient period of time to reach a steady 
state or equilibrium with the surface. It is normally 
measured as the force required to remove a 
pressure-sensitive tape from a panel or its own backing at 
a specified angle and speed. PSTC-1 specifies one standard 

20 test method. 

The third physical property utilised to define 
the suitability of a pressure-sensitive adhesive product 
for a given use is its shear adhesion. This test measures 
in essence the durability and permanence of the adhesive 

25 bond to a surface when subjected to a constant force, in 
the direction of the surface. PSTC-7 specifies one 
standard test method.. " 

Besides these physical property parameters, the 
chemical attributes of the pressure-sensitive adhesive 

30 composition must also be considered in order to provide a 
pressure-sensitive adhesive product having the requisite 
durability in the environment in which it is to be used. 
Thus, for example, the pressure-sensitive adhesive must be 
formulated so as to exhibit resistance to 

35 adhesive-degrading environmental conditions such as 
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elevated temperatures, sunlight, organic solvents, 
moisture, acids, and bases to which the pressure-sensitive 
adhesive product will be exposed in service. 

Various polymeric materials have been used as a 

5 basis for pressure-sensitive adhesives, including natural 
rubber, styrene butadiene copolymers, acrylate copolymers 
and polyurethanes . Generally speaking the acrylate 
copolymers are the most frequently preferred materials for 
pressure-sensitive adhesives in view of their excellent 

10 ageing resistance, light stability, adhesion to a wide 

range of substrates, and due to the provision of a variety 
of acrylate copolymers to give various blends of tack, 
cohesion and adhesive properties* 

Whilst acrylate copolymer based 

15 pressure-sensitive adhesives are available in a variety of 
forms (i.e. as solutions, emulsions and even hot melts) 
having a variety of properties, the use of those adhesives 
which are required to cure after application through use of 
curing agents or require use of quantities of energy to dry 

20 or cure them after application tends to be comparatively 
expensive. Also, those materials intended for application 
as hot melts tend to have comparatively low heat resistance 
properties . 

Various proposals have been made to employ 

25 polyurethanes as the polymer basis for pressure-sensitive 
adhesives, but frequently these have employed two-component 
systems which require mixing before application, or blocked 
isocyanates which require significant heating to liberate 
the isocyanate, or less commonly available raw materials. 

30 US patent specification 3437622 discloses 

polyurethane based pressure-sensitive adhesives made from 
commonly available urethane raw materials, and optionally 
tackifying resin or plasticiser. The polyurethanes 
disclosed are made from aromatic diisocyanates and diols of 

35 hydroxyl number between about 56 and about 265 and triols 
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of hydroxy 1 number between about 28 and about 56. The 
specification describes the use of these materials as 
solutions in organic solvent, and the use of heated 
circulating air ovens heated to temperatures of 100 °C or 

5 more for -completion of the formation of the desired 
polyuretharie and removal of the solvent. However/ the 
ability of adhesives taught in USP 3437622 to provide a 
desired. balance of tack, peel adhesion, creep resistance 
and environmental resistance has been questioned, and 

10 further formulations proposed. See for example US patent 
specifications 3846163 and 3879248. 

US .patent specification 3681277 discloses a 
process for preparing solvent free pre ssure- sensitive 
adhesive from mixtures of polyisocyanate and 

15 polyoxy alkylated diol or polyol and a tackifier. This 
specification discloses that the polyol may be a 
poly (alkylene oxide) which is unbranched, branch-chained or 
partly branched. Examples given of suitable compounds are 
those obtained , by the polyoxyalkylation of dihydric or 

20 polyhydric, preferably dihydric and/or trihydric, alcohols, 
such as ethylene . glycol, propylene glycol, trimethylol 
propane and glycerol, with ethylene oxide and/or preferably 
propylene oxide. Suitable poly (alkylene oxides) have 
molecular weights of from 300 to 10,000 for example from 

25 900 to 5,000 and preferably from 1,500 to 4,000 and more 
preferably from 2,100 to 3>000 and hydroxyl numbers ranging 
from .30 to. 85,. preferably . from 45 to 75 and more preferably 
from 50 to 65-: The specification is directed primarily at 
producing- OH bearing end products, and requires mixing of 

30 the components. immediately prior to use i.e. the mixture is 
not storage stable. 

* It would, be economically beneficial to users of 
pressure- sensitive adhesives to have available a 
pressure^ sensitive adhesive capable of simple application 

35 to provide a high quality pressures-sensitive adhesive 
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without the need to mix materials immediately prior to 
application, or the necessity to provide heating or drying 
equipment. It would also be beneficial to provide a 
pressure-sensitive adhesive based on commonly available, 
5 inexpensive, raw materials which can be readily applied at 
room or slightly elevated temperature to required 
substrates and then capable of becoming cured under 
relatively mild conditions and so achieve a desirable 
combination of pressure-sensitive and other properties. 
10 It is on e of the objects of the present invention 

to provide an improved pressure-sensitive adhesive. 

We have now found that one-component 
moisture-curing polyurethane-based pressure-sensitive 
adhesives which are comparable in their properties to 
15 high-performance acrylate-or rubber-based 

pressure-sensitive adhesives and which have high holding 
power and heat resistance as well as high tack and peel 
strength, but which are applicable without solvents and 
without the need for mixing of components by the user, may 
20 be produced from inexpensive raw materials by use of 

selected mixtures including specific prepolymers to provide 
a prepolymer component of specific isocyanate 
functionality. 

The invention provides in one of its aspects a 
25 moisture-curable adhesive composition capable of providing 
a pressure-sensitive adhesive layer on a substrate by a 
process in which the composition is applied to the 
substrate and cured or allowed to cure by exposure to a 
moist atmosphere, the composition comprising a prepolymer 
30 component having an isocyanate functionality between 2.0 
and 3.0 together with one or more polyetherurethane 
prepolymers having NCO groups available for reaction with 
water for chain extension, the cured adhesive composition 
having a glass transition temperature less than 20 °C. 

35 
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Desired properties of an adhesive composition 
according to the present invention are achieved by 
appropriate selection of the ingredients of the prepolymer 
component, and additional resins and plasticizers when 

5 used. By appropriate selection of the various components 
and, in particular, the prepolymer, of the adhesive 
composition and its functionality, it may be possible, to 
produce a range of adhesive compositions each of which is 
especially adapted for a specific purpose. 

10 Adhesive compositions according to the invention 

are one^component systems and allow the consumer many 
opportunities arising from freedom of application on 
different shaped substrates as well as fabrication of tapes 
and sheets, and arising from the variety of curing 

.15 conditions which may be used, the simplest of which is 
exposure to atmospheric moisture at room temperature. 

Tackiness of a layer of an adhesive composition 
according to the invention and the strength of adhesive 
bonds formed by use thereof is related to the adhesive 

20 properties of the polyetherurethanes used. The degree of 
tack and adhesion may be beneficially influenced by 
inclusion of a tackifying resin and optionally a 
plasticiser. Pressure sensitivity of an adhesive 
composition according to the invention and holding power 

25 and heat resistance of the final bond are strongly 

influenced by the extent to which the adhesive layer is 
tacky and cohesive at the time the bond is formed, and by 
the extent to which the bonding layer is cross linked. We 
have found that it is vitally important to ensure the 

30 prepolymer component has an NCO functionality of between 
2.0 and 3.0. The presence of NCO groups available for 
reaction with water (e.g. atmospheric moisture) is 
important to ensure that deposited layers of the adhesive 
cure by exposure to a moist atmosphere to a desired tacky, 

35 cohesive condition in which bonds of high strength having 
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aood heat resistance may be formed by pressing a substrate 
against the layer. Curing via the NCO-moisture reaction 
leads to a chain extension and cross linking via urea 
groups, leading to improved cohesion of the cured layer and 
5 ^proved heat resistance of the layer. However, higher 
amounts of cross linking of the layer yield products of 
reduced tackiness. Thus, an NCO functionality of not less 
than '2.0 is desirable in order to ensure some linear chain 
extension of the deposited adhesive, but an NCO 
10 functionality in excess of 3 yields tough products 

unsuitable as a basis for pressure.sensitive adhesive*. An 
NCO functionality of the prepolymer component in the range 
2 0 to 2.6 is highly desirable in order to produce products 
with suitably controlled amounts.of cross linking, and so 
15 yield the best combination of properties for a 

pressure-sensitive adhesive, as judged by conventional 
procedures for tack, peel strength, and shear adhesion, but 
prepolymer components with functionality as high as 3 may 
give satisfactory products for some purposes. 
20 isocyanate functionalities quoted herein are 

measured by reaction of 1.6 hexanediol applying the gel 
point method and have an accuracy of ± 0.2. 

Tackiness of a composition according to the 
invention is derived principally from the use of polyether 
25 based prepolymers of the prepolymer component. In order to 
achieve suitable tackiness of the deposited layer, the 
glass transition temperature (as measured by DSC method) of 
the cured adhesive composition is not greater than about 
room temperature i.e. less than 20 »C. Most preferred ^ 
30 results are achieved with prepolymers which result m cured 
compositions having glass transition temperatures of less 
than O'C. The use of polyetherurethane prepolymers also 
permits production of adhesive compositions which are 
liquid products, ranging from thick liquids of moderate 
35 viscosity to sticky viscous liquids which may be simply 
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applied at room temperature or slightly elevated 
temperatures in a condition in which they "wet-out" onto 
many substrates to provide a good basis for adhesive 
bonding. 

5 Moisture curable adhesives according to the 

invention having good pressure-sensitive characteristics 
may employ a prepolymer component produced in any suitable 
way, provided that the prepolymer component has a 
functionality between 2.0 and 3.0. The desired 

10 functionality may be achieved by use of polyetherurethane 
prepolymers of various functionalities. If desired 
prepolymers of lower functionalities may be used in 
conjunction with low molecular weight polyisocyanates of 
functionality in excess of 2.0 in order to achieve a 

15 suitable NCO functionality of the prepolymer component. 
The polyetherurethane prepolymers are derived from 
diisocyanates and polyethers which is to say 
polyoxyalkylene ether pplyols including materials commonly 
referred to as polyoxyethylene glycols and triols and 

20 polyoxypropylene glycols and triols. Polyetherurethane 

prepolymers suitable for use in the prepolymer component of 
any adhesive compositions according to the present 
invention include prepolymers derived from polyethers which 
are linear materials or branched materials. Suitable 

25 polyethers are addition products of ethylene oxide or of 
propylene oxide or of mixtures thereof reacted with 
difunctional materials," for example ethylene glycol, 
propylene glycol or water to provide linear polyether 
polyol materials or reacted with tri - or higher - 

30 functional materials for example glycerol, pentaerythritol 
or trimethylol propane to provide branched polyether polyol 
materials. The linear materials are regarded as 
difunctional i;e. as having two reactive hydroxyl groups 
per molecule, whereas the branched materials are regarded 

35 as having a functionality in excess of two. Whilst a 
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functionality of three may be postdated for many soon 
aerials, -e cc^erciaUy avaiiatie »aterUla have . 

functionality indicating that the material . 
fixture of polyethers of different ^ 
5 example compositions according to the invention may be 
Reduced using branched chain polyethers 
hydroxy! functionality in excess of 2.0, for exa p 

^ ^ iSr^X. ^.^ P-aration 
1. of the polyetherurethane prepolymers (hereinafter referred 
to as the first prepolymer). Include those ■ _ 
polyethers having a hydroxyl number ,mg ■.«*««> *™ 
L 230 Materials having OH values of greater than 230 
. products with insufficient tacxinee. and those bavin, 
15 OH values below 14 are not readily available.. For ^ 
Preferred blend of properties We prefer to employ linear 

Iners having a hydroxyl humber from » to 11 and more 
' preferably about 28 to 56. A hydroxyl number of 5 6 for 
Polypropylene glycol ether corresponds to a molecular 
20 weight of about 2000. . 

Branched polyether polyols suitable for 
preparation of polyetherurethane prepolymers (hereinafter 
referred to as the second prepolymer). include those of a 
referreo ro BIe ferably about 2.4 to about 

functionality of up to 3.0 preteraoiy 
25 2.8, and which have a hydroxyl number from 10 to 570. 
a preferred blend of properties, we prefer to employ 
Lanched polyethers of functionality of about 2 5 having a 

soared by use of any of the commonly available 

prepared oy u» j ^xamole the aromatic 

HUsocvanates or mixtures thereof, for exampxe 

i c anltes e.g. diphenyl methane diisocyanate. « > »ene 

a. 4.v,e aliohatic diisocyanates e.g. hexane 
35 diisocyanates, the alipnatic uxj-s j 
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diisocyana.tes, : .and the cycloaliphatic diisocyanates e.g. 
isophorone diisocyanate and eye lohexyl methane 
diisocyanate., : Preferred materials are the diphenyl methane 
diisocyanates and ..especially the 4.4 ' isomer and mixtures 

5 of the .2.4 and, 4 ..4' isomers. 

Pressure-sensitive adhesives may be produced 
using a first prepolymer made at an NCO:OH. ratio in the 
range 1.2 to 2.5. However a preferred range for optimum 
properties is : from,1.35 to .2.0, a most preferred range 

10 being from abput 1.6. to about 2,0. Pressure sensitive 

adhesives may be produced using a second prepolymer made at 
an NCO:OH ratio. in the range 1.2. to 2.5. However a 
preferred r.a^ge .is 1.8 to 2.2, a most preferred value being 
2o0. . m 

IS Catalysts are preferably employed in the 

preparation of the polyetherurethane prepolymers, and are 
preferably allowed, to remain. in the adhesive composition 
where they .are of assistance in controlling chain extension 
of the prepolymers during moisture cure. Suitable 

20 catalysts include dibutyl tin dilaurate. 

Among . especially preferred prepolymer components 
are those . comprising. a mixture pf 

. „ (A) ...first and second polyetherurethane 
prepolymers haying NCO groups available for reaction as 

25 aforesaid i<e....a first prepolymer being a reaction product 
of a linear polyol of hydroxy! number from 10 to 230 which 
is an addition, product 'of one. or both of ethylene oxide and 
propylene .o:>cide* ,,and a diisocyanate reacted in amounts to. 
provide an NCO :-OH . ratio from 1.2 to 2 .5, and a second 

30 prepolymer being, .a reaction product of .a. branched polyol of 
hydroxy! number., frpm 10. to 5.70 which is an addition product 
of one or both of ethylene oxide and propylene oxide, and 
a diisocyanate , reacted in amounts to provide an NCO:OH 
ratio from 1.2 to 2.5, so as to provide a prepolymer 
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component having an NCO functionality between 2.0 and 3*0 

" m areactio, \ action 

pol vetherurethane prepolymer a . o ^ ^ ^ ^ 

5 product of a branched polyol of hy y o£ . ethv lene 
57 „ which i. an addition * rea cted in 

amounts to provide an NCO. OH r proV ide a 

reacted with a -ofunctiona a oh ^ 
10 prepolymer component having an 

2.0 and 3.0, or molecular weight 

(C) a polyisocyanate of low mox 

• tZTJZZrt:. faction 

poiyetherurethane prepolymer as af ^ .. ^ 

15 product of a linear Po yo of hyd r ^ ^ ^ ^ 

230 which as an add-on pr nate reacted in 

ox ide and propylene oxid . an ^ J^, 
amounts to provide an NCO.OH r ^ 
polyiaocyanate and Polymer 

20 that the functionality OI tne p 

between 2.0 and 3.0. components of type 

in relation to the prep y» _ provid ed by 
(M referred to above the »'°™^Z in ally 
che mixture of the two pre^ ■ - ^ ^ 

in principal the first a her ^, lyol .. The 

predominantly isocyanate-capped p pre polymer 

first prepolymer is ' £ for linear extension 

and is regarded as a primary vehicle *or ^ ^ 

30 o £ aifunctio nal moleoo la r ch ^ ^ ^ . f ^ ^ 

its chain length (as rerle ^isture as 

a „d capacity for chain extension e g. y ^ 

re£1 ected in its , £ Ee oond nominally 

suitable basis for the adhesive. laln g for chain 

35 Afunctional prepolymer is regarded as pro 
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branching or cross-linking of the molecular chains through 
its branched structure of higher functionality as chain 
extension proceeds. The chain size of the second 
prepolymer (as reflected in the OH value of the branched 
5 polyether) and the NCO:OH ratio are chosen so as to 
influence the chain extension. to provide a permanently 
tacky, cohesive bonding layer. The two polyetherurethane 
prepolymers are employed in relative quantities to provide 
the desired blend of prolonged tackiness and cohesion after 
LO curing to provide strong adhesive bonds having heat 
■ resistant properties.. Relatively greater amounts of the 
second prepolymer lead to increased capacity for cross 
linking whereas relatively smaller amounts of - the second 
prepolymer lead to more tacky and less cohesive layers 
L5 which result in bonds of lower heat resistance. Preferred 
compositions employ mixtures of the preferred first and 
second prepolymers in amounts such that the ratio of NCO 
equivalents of the first prepolymer to NCO equivalents of 
the second prepolymer is in the range 1:2 to 10:1, more 
20 preferably in the range 1.5:1 to 5:1. 

In relation to the prepolymer component of type 
(3) referred to above, the polyetherurethane prepolymer is 
a reaction product of a branched polyol from one or both of 
ethylene oxide and propylene oxide and a polyisocyanate is 
25 employed. The prepolymer preferably is formed from a 

polyether having a hydroxyl number in the range 25 to 56, 
more -preferably 25 to 36. Preferably the prepolymer 
react ants are employed in amounts providing an NCO: OH ratio 
in the range 1.8 to 2.2. A most preferred NCO:OH ratio is 
30 about 2.0. The amount of mono functional alcohol employed 
is chosen so that a desired functionality of the prepolymer 
component between 2.0 and 3.0 is achieved. Chain extension 
and chain branching of the polymer as it cures due to 
exposure to moisture occur to a desired degree dependent on 
35 the functionality of the second prepolymer used. 
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Myofunctional alcohols which *ay be fu^her 
with the polyetherurethane prepolymer include 

aaturated aliphatic - - , an Pe U y ^ ^ 
5 alcohols having from * to 10 C " b onofunctioMl 

al T £ ««^.^ suppuea under the trade 
9r ° UP ^olHhich is understood to be a primary 
10 a rr 

content of about 4.85%, .Rbitol') of 

unsaturation (in g hydrogen absorbed per g 

15 ab ° Ut °' 71 ; n .elation to the prepolymer component of type 

, first polyetherurethane prepolymer 
(C , referred to above, a first P * or 
which is « reaction product of a * 
.oth of ethylene oxide and pre ferably 
2 0 polyisocyanate is nunber in the 

formed from a polyether having ^y ^ pre£e „ bly the 

„„ge ,8 to H, more pre*r bly 2 ^ to ^ ^ 

copolymer reactants are e P y ^ ^ ^ 

BCO!0 „ rat.0 r t e rang^ ^ is ln the 

"" n9 ; about 8 to about 2.0. The additional 

ra „ge of about I t JunctionaUty in excess of two 

polyrsocyanate used h oi the pte polymer 

and rs used to ensure ^ polyisocyanates 

component is from 2.0 to 3.0. B _ ^ less than 

30 include those of number average molecular w g 
60 0, for example polymethylene polypheny! rsocy 
U understood to have a number average « 9 
. 400 and an «C0 functionality of about 2 8 ^ 
linear chain extension results from cure of the pr 
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and the necessary degree of cross linking results from 
reactions with the polyfunctional isocyanate. 

An adhesive composition according to. the 
invention may include one or more tackifying resins. Many 

5 compositions according to the invention have a 

comparatively non-aggressive tack, and it is therefore 
highly preferred to employ a tackifying resin. Resins 
compatible with the. prepolymers and the cured adhesives are 
preferred. and especially those with a low acid number, 

10 preferably less than 5 more preferably less than 1, and low 
reactivity towards isocyanate. Examples of suitable resins 
include esters of rosins and hydrocarbon resins, especially 
indene type resins. The resins are used preferably in 
amounts to provide. 1 to 40% by weight of the composition, 

15 more preferably 5 to 30% by weight of the composition. 

An adhesive composition according to the 
invention may also include one or more plasticisers . 
Preferred plasticisers also have a low acid number, and 
include for example phthalates, alkylsulphonates and fatty 

20 acid esters. The plasticisers are preferably, used to 
provide up to 10% by weight of the composition. 

An adhesive composition acccording to the 
invention may also include other adjuvants, for example 
stabilisers for improving the stability of the composition 

25 e.g. to the effects of ultraviolet light, or oxidation, or 
for radical scavenging. 

An adhesive composition according to the 
invention is susceptible to. curing by atmospheric moisture, 
but has a substantially infinite potlife if stored prior to 

30 application in. a moisture free atmosphere for example in a 
sealed moisture proof container filled with the 
composition.. An adhesive composition according to the 
invention is preferably a liquid, solvent free, material, 
and may be a flowable liquid of moderate to high viscosity 

35 or a sticky viscous liquid of comparatively poor flow and 
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wetting properties which is convertible to a readily 
nowahle licuia at temperatures .« XO.-C or less so that 
the composition may be readily extruded ^-'/^ / 
viscosity in the range 10 to 100 Pas at room or slightly 
5 eievated temperature onto a worxpiece, to wet-out on the 
worxpiece and penetrate somewhat into porous ."Traces, and 
provide a good basis for adhesion to the worxpiece. Thus, 
adhesive compositions according to the invention 
simply applied, as by brush or extrusron noszle to provide 
l0 deposited layer on a worxpiece which ^""^^ 
converts to a cohesive solid tacky ^ 
to the worxpiece upon exposure to a moist atmosphere, 
build up of strength of the adhesive layer W >~ 
accelerated by mild moistening and heating ccnditrons if 

15 desired. ippUeltlon o£ an adhesive composition 

according to the invention to provide a layer on • 
ubstrate of adeguate thickness, suitably »f 

. a nrefprablv about 0.08mm tnicK, 
from 0.05mm to 0.3mm, more preferably auo 
rrom v. f.ckiness such that it may be 

20 the composition exhibits a tackiness su 

used as a pressure-sensitive adhesive layer. It is 

p fe ed to allow or cause the layer to develop proved 
cohesive properties through its somawhat cross linked 
condition by exposure to a moist atmosphere at room 
25 moderately elevated temperature prior to U«^« _ 

pressure-sensitive adhesive. We have found that preferred 
Impositions may reguire fro, 1 to 7 day, t.^ 
optimum cohesive and pressure-sensitxve m«U^ * 
axposure to atmospheric ^istur, ^^Tlutee 
30 whereas the same compositions require rrom 

to develop optimum pressure-sensitive. P^«^ 

beated to 9 0-C ^J^^Z^ZL 
containing atmosphere. Preferably, tn^ ^ F above 
oured in an atmosphere having a relative hum drty_ ab 
35 !0% at a temperature in the range 20-C to WWC. for 
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example relative ..humidity in the range 10 to 25% may be 
: suitable at a temperature, of about 90°C. Longer cure times 
are required at lower • temperatures, but the cure time may be 
reduced substantially., by . use of the higher temperatures if 

5 desired. Tackiness of layers of the preferred compositions 
remains at a high level for periods in excess of three 
months after curing, and good quality bonds may be made 
during this period by simple application of light pressure 
to a substrate placed against the layer without application 

10 of other inducements for example heat. Adhesive 

compositions according to the invention used in this way 
have been found to provide adhesives having good 
pressure-sensitive characteristics which provide bonds 
demonstrating exceptional heat resistance (i.e. holding 

15 power at 100 a O), and peel strength. 

The invention provides in another of its aspects 
a method of forming a pressure-sensitive adhesive layer on 
a workpiece comprising applying to the workpiece a solvent 
free mass of .composition, at a .viscosity in the range. 10 to 

20 100 PaS to provide a. layer from 0.05 to 3ram thick, and 

exposing -the layer to a moist atmosphere having a relative 
humidity above 10% suitably at a temperature in the range 
20°C to 120°C to effect cross . linking of the composition. 
Conveniently in carrying out. a method in accordance with 

25 the invention .the relative humidity is in the range 10% to 
75%. 

In order that * the invention may become more clear 
there now follows, a description, of nineteen example 
adhesive compositions and their method of use all of which 
30 are according- to the invention and .illustrative thereof. 
It is to be understood that these Examples have been 
selected for description only to illustrate the invention 
and are not intended to define any limitation of the scope 
thereof. 
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The exemplified adhesive compositions are 
moisture curable adhesive* capable of providing a 

sensitive substra te by a process xn 

groups availed for reaction witn water for chain 
extension.^ ^ ^ ^ ^ ^ prepol 

10 Mploy ed in pa-oe o, the e--— of 

pr ocedures ^ p t . e . „^r »o, 1. 4 

l5 ana , „ere *ade hy ^in, - — 1> hours at - C 
e linear. 

weight tosylisocyanate. The an a 

jr Der iod of one hour, with 

heated polyol and after a perxo solution of 

cof -4. ioo°C, about 6g of a iu« suxuu 
temperature set at 100 C, , sulph onic 

20 dibutyl tin dilaurate in Mesamoxx 

acid ester Plasticiser) were adde, ^ • ^ 

The second prepolymers, Prepoiym 
ade bV mixing a branched, polyether polyol at 80 
5, were made t>y mixmy ~ 
I, i.* ,or in the case of .render » 
25 tos yl isocyanate ^ = ~ of a 104 

lO.Sg (or xn the case of Pr^ £ „ MesamoU , „ ere added, 
solution of dibutyl tin dilaurate in prepo lymers 

* mnor continued for h hour. me F iC ^ * 
and heatxng at 100 C contin untU req uired 

we re stored in contaxners whxch were^s ^ ^ the 
, nfor use The second prepolymer No. 7 was maae y ^ 
30 for use. in branched polyether and l,3g 

m olten disocyanate wxth the branch P & ^ 

heating continued for 15 minutes at 100 C, 
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Material mentioned in Table 1 are identified as 

follows:- 

"Voranol" P2000 is a linear polyether diol mainly 
formed from propyleneglycol and having a molecular weight 
5 of about 2000 and an OH number of 56, 

"Voranol" CP4655 is a branched polyether mainly 
formed from propylene glycol and ethylene glycol and having 
a molecular weight of about 4,700 and an O H number of 35. 
"Polyurax" U 24-04 is a branched polyether 
10 mainly formed from propylene glycol having an OH number of 
41. 

"Napiol" DS 25 is a linear polyether having an OH 
number of 28 mainly formed from propyleneglycol and 
ethy leneglycol . 

15 "Desmophen" 1910 U is a branched polyether mainly 

formed from propyleneglycol , having an OH number of 43. 

Adhesive compositions 1 to 13 (Table 2) are 
examples of compositions according to the invention which 
employ a prepolymer component of type (A) as referred to 

20 above, i.e. a mixture of first and second prepolymers which 
together provide an NCO functionality between 2.0 and 3.0, 
for example the NCO functionality of the mixed prepolymer 
components in adhesive compositions 5 and 13 is about 2.1.. 
Adhesive compositions 14 to 17 (Table 3) are 

25 examples of compositions according to the invention which 
employ a prepolymer component of type (B) as referred to 
above, i.e. a second prepolymer further reacted with a 
monofunctional alcohol, and having an NCO functionality 
between 2.0 and 3.0, for example the NCO functionality of 

30 the prepolymer component in adhesive composition 14 is 
about 2.1 and in adhesive composition 17 about 2.9. 

Adhesive compositions 18 to 20 (Table 4) are 
examples of compositions according to the invention which 
employ a prepolymer component of type (C) as referred to 

35 above, i.e. a first prepolymer and a polyisocyanate of 
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functionality greater than 2 to provide a prepolymer 
component having an NCO functionality between 2.0 and 3.0, 
for example NCO functionality of adhesive composition 18 is 
about 2.0. 

5 The exemplified adhesive compositions were 

prepared from materials in the amounts shown in Tables 2, 3 
and 4 (the percentages indicated in the Tables are 
approximate) . All of the cured exemplified adhesive 
compositions have a glass transition temperature less than 

10 0°C, most being about -45°C. 

In order to prepare the first exemplified 
adhesive composition, Prepolymer No 2 was heated to 100'C 
and mixed with Prepolymer No 1. 30 minutes after addition 
of the catalyst used in preparing Prepolymer No. 1. Ten 

15 minutes after addition of Prepolymer No 2, the resin and 
2 lg of a 10% solution of dibutyl tin dilaurate in 
"Mesamoll" were added. After 15 minutes of mixing, the 
product was evacuated and filled into cartridges which were 

sealed. . 
20 Exemplified compositions 2 to 13, were prepared in 

a similar fashion (see Table 2). 

Exemplified adhesive compositions 14, 15 and 16 
(see Table 3) were made by use of Prepolymer No. 5. The 
afunctional alcohol was added to the prepolymer at a 
25 temperature of 100 -C. Ten minutes after this addition the 
resin was mixed in, together with 2g of a 10% solution of 
dibutyl tin dilaurate in "Mesamoll" . After 15 minutes 
mixing, the product was degassed by evacuation of the 
vessel and filled into cartridges which were sealed. 

Exemplified adhesive composition 17 (Table 3) was 
made by use of Prepolymer No. 7. To the prepolymer the 
resin, the plasticizer and 4,0g of a 10% solution of 
dibutyl tin dilaurate in mesamoll were added at 100°C and 
stirred for 45 minutes at 100'C. The product was filled 
35 into cartridges which were sealed. 
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Exemplified adhesive compositions 18 to 20 (see 
Table 4) were made by use of one of Prepolymer Nos. 4 and 
6 The polyfunctional isocyanate was added to the 
prepolymer at a temperature of 100-C and ten minutes later, 

• «i»«:i-i c iser and 2g of a 10% solution of dxbutyl 
5 the resxn, plastxcxser ana <:y 

tin dilaurate in "Mesa^oll" were added. After 15 mxnutes 
mixing the product was degassed by evacuation of the vessel 
and filled into cartridges which were sealed. 

Materials mentioned in Tables 2, 3 and 4 are 
10 identified as follows: . . 

; Resin KW31 is an indene type resin having an acxd number 

less than 0.1. 

Modified "Staybelite" Ester 10 is glycerol ester of 
partially hydrogenated wood rosin (acid number :8) . COOH 
15 groups have been reacted with 4.4' - diphenyl methane 
diisocyanate in a previous separate reaction (NCO/COOH 

ratio 1/D • . 
"Piccotex" LC is a copolymer of methyl styrene and vxnyl 

•toluene having an acid number less than 1.0. 
20 "Santicizer" 160 is benzyl butyl phthalate having an acxd 
number of 0.2. 

„XP 2020 is a mixture of hydrogenated polyphenyls havxng an 
acid number of 0.01. 
"Lipinol" T is dibenzyl toluene. 
25-Mesamoll" is an alkyl sulphonic acid ester of acid number 

less than 0.1. 

"Wingtack- 10 is a liquid synthetic polyterpene resxn of 
acid number 0.18. 

A 187 is gamma glycidoxypropyltrxmethoxysilane. 
30 -irganox" 1035 is 2,2* Thiodiethylbis- 

[3-(3 5 -di-tert.-butyl-4-hydroxyphenyl)propionatel present 

primarily as an oxidation stabilizer and radical scavenger. 

"Tinuvin" 328 is 2-(2 Hydroxy-3 , S-di-tert.-amyl-phenyl) -2 
. H-benztriazole present primarily as an ultra-violet 
35 stabilizer and absorber. 
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In order to examine properties of the exemplified 
adhesive compositions, layers of each composition 0.08mm 
thick were formed by spreading the composition on a foil of 
polyethyleneterephtha late (MYLAR ^ 0.08mm thick. The 
5 layers of Examples 1 to 9 were cured to a definite complete 
state by ageing the samples for 16 hours at room 
temperature and humidity (about 21 e C t 2° and 30 to 70% 
relative humidity), followed by 30 minutes ageing in an air 
circulation oven at 90°C saturated with moisture. Examples 
10 10 to 12 and 14 to 20 were cured to definite complete state 
by 5 minutes at 85°C in an air circulation oven in the 
presence of moisture. After cooling, the samples were 
subjected to various standard tests , and compared with 
results of the same tests conducted with samples prepared 
15 from commercially available adhesives referred to as 
comparative adhesives IS 2 respectively. Comparative 
adhesive Sample 1 <3M 9460) is a high performance acrylate 
based pressure-sensitive adhesive. Comparative adhesive 
Sample 2 (Bostik 9988) is a high performance thermoplastic 
20- rubber based pressure-sensitive adhesive. 

Results are shown in Table 5. 
Rolling Ball tack was measured by a method 
according to PSTC-6 in which a stainless steel ball (5.4g, 
7/16 inch (about 1.1 cm, diameter) and a standard Rolling 
25 Ball Test Apparatus is used. The stopping distances are 
measured in millimetres. 

Peel Test was - conducted by a method according to 
PSTC-1 in which the pressure-sensitive substrates were laid 
on stainless steel panels and secured by passing a 4.5 lb 
30 (about 2kg.) roller over the sample once in each lengthwise 
direction. The test specimens were one inch wide and ten 
inches in length. 180° peel adhesion was tested using an 
"Instron" tensiometer within 30 minutes of preparation of 
the test specimens at a separation speed of 12 inches 
35 (about 30.5cm.) per minute. 
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Holding Power was conducted by a method according 
to PSTC-7 in which the pressure-sensitive substrates were 
fixed on an area of 1.0 to 0.5 inches (about 2.54 to 
■ l 27cm) on a stainless steel panel in the same way as used 
5 for the peel test specimens. Within 30 minutes of 
preparation, the specimens were placed so that the 
extending tape hung downwards. A IKg load was suspended . 
from the tape. Test specimens were observed at room 
temperature. up to 48 hours and at 70»C and 100'C up to. 24 
10 hours, with respect to separation and the time noted if 
total separation occurred earlier. 

The testing of example composition 13 was carried 
out using samples made as described above but with the 
curing step carried out by. ageing for 14 days at 21-C ± 

15 2°C, BH 30 to 70%. 

With regard to pressure-sensitive adhesives, 

materials giving results in the rolling ball tack test of 
less than 300mm are regarded as having suitably aggressive 
tack for many purposes where lighter pressures are likely 

20 to be applied, or a more permanent bond is required. Peel 
test result values in excess of 5N/25mm are regarded as 
desirable for good quality adhesion. Holding power results 
above 70*C in excess of 24 hours are desirable for many 
purposes. Holding power results at elevated temperatures 

25 in excess of 24 hours are regarded as unusual, and indicate 
high heat resistance of the bonds, which is a highly. 

desirable feature. 

As can be seen from the tables compositions 
including about 19 weight % KW 31 resin result in best 
30 over-all properties. Higher concentrations of resin. 

(example 12) raise the peel strength but diminish the heat 

resistance. 

Plasticizer "Santicizer" 160 added to 
compositions has the best influence on tack and peel 
35 strength (example 5 - 9) . In general plasticizer addition 
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No 



of about 2 to 5% is preferred to give good tack. 

significant improvement appears to result from the addition 

of the silane adhesion promoter tested. 

It will be appreciated that Examples 5 and 13 
5 utilise the same basic adhesive composition; however, as 

noted above, different curing techniques are employed. 

From Table 5 it can be seen that the properties of the 

composition of Examples 5 and 13 are affected by the curing 

technique used, though the reasons for this are not yet 
10 clear. 

The addition of "Abitol" instead of 2-Ethyl 
hexanol (table 3) appears to yield adhesives of generally 
better properties. In general, mixtures of prepolymer 
No 4 (Table 4) with polymethylene polyphenyl isocyanate 
15 result in products with less tack and peel strength but 
better holding power compared to those mixtures with 
prepolymer No. 6. 
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amounts to provide an NCO-.OH ratio from 1.2 to 2.5 , and 
which may be further reacted with a monofunctibnal alcohol 
so as to provide a prepolymer component having an NCO 
functionality between 2.0 and 3.0. 

4. An adhesive composition according to claim 1 
wherein the prepolymer component comprises a mixture of a 
polyisocyanate of low molecular weight having a 

• functionality greater than 2 and a polyetherurethane 
10 prepolymer which is a reaction product of a linear polyol 
of hydroxyl number from 10 to 230 which is an addition 
product of ethylene oxide or of propylene oxide or of 
mixtures of both, and a diisocyanate reacted in amounts to 
provide an NCO: OH ratio from 1.2 to 2.5, the polyisocyanate 
15 and the prepolymer being mixed in a ratio such that the 
functionality of the prepolymer component lies between 2.0 
and 3.0. 

5. An adhesive composition according to claim 2 
20 or claim 4 wherein the linear polyol has a hydroxyl number 

from 28 to 112. 

6. An adhesive composition according to any one 
of. claims 2, 4 or 5, wherein the, or the first, prepolymer 

25 is a reaction product of the linear polyol and diisocyanate 
reacted in amounts to provide an NC0:0H ratio from 1.35 to 
2.0. 

7. An adhesive composition according to claim 2 
30 or claim. 3, wherein the branched polyol has a hydroxyl 

number of 25 to 56 and a hydroxyl functionality from 2.8 to 
3.0. 

8. An adhesive composition according to any one 
35 of claims 2, 3 or 7, wherein the, or the second, prepolymer 
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comprises a reaction product of a branched polyol and 
diisocyanate prepared from quantities of the reactants to 
provide an NC0:0H ratio from 1.8 to 2.2. 

5 ■ ?• An adhesive composition according to claim 

2, wherein the first and second prepolymers are present in 
amounts such that the ratio of NCO equivalents of the first 
prepolymer to NCO equivalents of the second prepolymer is 
in the range 1:2 to 10:1. 

10 

10. An adhesive composition according to claim 2 
or claim 9, wherein the first and second prepolymers are 
present in amounts such that the ratio of NCO equivalents 
of the first prepolymer to NCO equivalents of the second 

15 prepolymer is in the range 1.5:1 to 5:1. 

11. An adhesive composition according to claim 

3, wherein the monofunctional alcohol comprises 2-ethyl 
hexanol or a monohydroxy resin. 

20 

12. An adhesive composition according to claim 

4, wherein the first prepolymer is admixed with 
polymethylene polyphenyl polyisocyanate . 

25 13. An adhesive composition according to any one 

of the preceding claims comprising a tackifying resin of 
low acid number less than 5. . 

14. An adhesive according to claim 13 wherein 
30 the tackifying resin is an indene containing resin or rosin 
ester present in an amount to provide 1 to 40% of the 
composition. 
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15. An adhesive composition according to any one 
of the preceding claims comprising a plasticiser of low 
acid number. 

5 16. An adhesive composition according to claim 

15, comprising as plasticiser one or more phthalates or 
alkylsulphonates present in an amount to provide 0.5 to 10% 
by weight of the composition. 

10 17. An adhesive composition substantially as 

hereinbefore described with reference to and as illustrated 
by Examples 1 to 13 . 

18. An adhesive composition substantially as 

15 hereinbefore described with reference to and as illustrated 
by Examples 14 to . 16. 

19. An adhesive composition substantially as 
hereinbefore described with reference to and as illustrated 

20 by Examples 17 to 19. 

20. A method of forming a pressure-sensitive 
adhesive layer on a workpiece comprising applying to the 
workpiece a solvent- free mass of composition according to 

25 any one of the preceding claims at a viscosity in the range 
10 to 100 PaS to provide a layer from 0.05 to 3ram thick, 
and exposing the layer to a moist atmosphere having a 
relative humidity above 10% at a temperature in the range 
20°C to 120°C whereby cross linking of the composition is 

30 effected. 
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